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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a plant 
operation control device allowable to cope with efficient 
plant maintenance plan and works, a control method 
therefor, and a storage medium storing a control 
program for the method. 

SOLUTION: This plant operation control device is 
provided with a defect data input means for inputting 
defect data, a defect development data storing means 
for storing defect proceed data, a plant operation 
condition storing means for storing an operating 
condition sequence of a plant, a defect development 
amount calculating means for taking the defect 
development data and the operating condition sequence 
and calculating the development amount of defect, a 
simulation condition setting means for setting an 
operating condition for simulating the defect 
development under the condition different from the 
operating condition, a defect development simulating 
means for simulating the defect development according 

to the sequence under the operating condition, a defect development target condition inputting 
means for inputting a defect development target condition, an operating condition calculating 
means for calculating a plant operation condition conformable to the condition, and a control 
signal outputting means for outputting the operating condition as a control signal. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



- CLAIMS 



[Claim(s)] 

[Claim 1] A defective data input means to input the defective data concerning the defect of the 
ingredient which constitutes plant equipment, A defective progress data storage means to memorize 
the defective progress data concerning the ingredient equivalent to a plant component, A plant 
service-condition storage means to memorize the service-condition sequence of the plant where a 
service condition is changed with the passage of time, An amount calculation means of defective 
progress to take out defective progress data and a service-condition sequence from said defective 
progress data storage means and said plant service-condition storage means, and to compute the 
amount of progress of the defect concerned, A simulation conditioning means to set up the service 
condition for carrying out simulation of the defective progress on different conditions from said 
service condition, The defective progress simulation means which carries out simulation of the 
defective progress according to the sequence in the service condition set up with this simulation 
conditioning means, A defective progress target condition input means to input the defective 
progress target conditions which consist of defective progress time amount and the amount of 
defective progress, The plant control device characterized by providing a service-condition 
calculation means to compute the plant service condition which suits the conditions inputted with 
this defective progress target condition input means, and a control signal output means to output the 
service condition computed with this service-condition calculation means as a control signal. 
[Claim 2] The plant control device according to claim 1 characterized by having the monitoring data 
input means which makes it possible to receive the data of a parameter which influence the defective 
progress from the sensor which can measure the parameter which influences defective progress of 
the part where the defect concerned exists in said simulation conditioning means, and to use for 
defective progress simulation. 

[Claim 3] The plant control device according to claim 1 characterized by using as said defective data 
the math-processing possible value which consists of the dimension, a direction, a number, etc. to the 
defect concerned discovered during check of a plant, or operation. 

[Claim 4] The plant control device according to claim 1 characterized by inputting what modeled the 
configuration of the defect discovered during check of a plant, or operation in a different 
configuration from the discovered configuration as said defective data [claim 5] The plant control 
device according to claim 3 or 4 characterized by inputting what transposed to the flat-surface defect 
and modeled the configuration in a half-elliptical or elliptical further by projecting the discovered 
defect on the principal plane of stress of the member in which the defect concerned is included as 
said defective data. 

[Claim 6] The plant control device according to claim 1 characterized by having a plant load 
condition storage means to save temperature, stress, etc. which replaced with said plant service- 
condition storage means, and were defined by the design condition of the plant concerned as load 
condition data for computing the amount of defective progress. 

[Claim 7] The process which inputs the defective data concerning the defect of the ingredient which 
constitutes plant equipment, The process which computes the amount of progress of the defect 
concerned according to the service-condition sequence of the plant where a service condition is 
changed with the passage of time using the defective progress data concerning the ingredient 
equivalent to a plant component, The process which sets up the service condition for carrying out 
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simulation of the defective progress on different conditions from said service condition, The process 
which carries out simulation of the defective progress according to the sequence in the set-up service 
condition, The plant operation-control approach characterized by having the process which inputs 
the defective progress target conditions which consist of defective progress time amount and the 
amount of defective progress, the process which computes the plant service condition which suits the 
condition, and the process which outputs the computed service condition as a control signal. 
[Claim 8] A defective data input means to input the defective data applied to the defect of the 
ingredient which constitutes plant equipment in a computer, A defective progress data storage means 
to memorize the defective progress data concerning the ingredient equivalent to a plant component, 
A plant service-condition storage means to memorize the service-condition sequence of the plant 
where a service condition is changed with the passage of time, Defective progress data and a service- 
condition sequence are taken out from said defective progress data storage means and said plant 
service-condition storage means. A simulation conditioning means to set up the service condition for 
carrying out simulation of the defective progress on different conditions from an amount calculation 
means of defective progress to compute the amount of progress of the defect concerned, and said 
service condition, The sequence in the service condition set up with this simulation conditioning 
means is followed. A defective progress target condition input means to input the defective progress 
target conditions which consist of the defective progress simulation means, the defective progress 
time amount, and the amount of defective progress which carry out simulation of the defective 
progress, A service-condition calculation means to compute the plant service condition which suits 
the conditions inputted with this defective progress target condition input means, The storage which 
recorded the plant operation control program for making the service condition computed with this 
service-condition calculation means into a control signal output means to output as a control signal, 
and operating it and in which computer reading is possible. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the storage which memorized the control device of a 

plant, its control approach, and its control program. 

[0002] 

[Description of the Prior Art] If it can fix and exchange before being able to predict the amount of 
progress of the defect in an employment period and reaching a dangerous dimension even when a 
defect exists in the ingredient which constitutes the structure as a convention about reservation of the 
safety under employment of the structure, and soundness, existence of a defect is permitted and there 
is a concept of defective permission operation that operation can be continued. 
[0003] When this concept is applied to plant operation and a defect is detected to a plant equipment 
front face or the interior by periodical inspection, the amount of defective progress on the basis of 
the defect concerned by the evaluation period last stage specified in either the time of a next 
inspection or the plant service life last stage is predicted by count. And if the prediction dimension is 
judged to be below an allowed value, the continuation of operation of having permitted existence of 
a defect till the evaluation period last stage, i.e., defective permission operation, will be permitted, 
but if judged with said prediction dimension having exceeded the allowed value, the repair and 
exchange by the evaluation period last stage will be required from the device by which the defect 
was detected. 

[0004] In count of the above amount of defective progress, load conditions added to a defect by the 
evaluation period last stage, such as temperature and stress, are calculated by the service condition 
beforehand defined in the plant operation plan. That is, the progress behavior of the after that of the 
detected defect is uniquely determined by the defective dimension and operation plan when being 
detected. 
[0005] 

[Problem(s) to be Solved by the Invention] In the conventional plant defective permission operation, 
when a defect is discovered, according to the service condition defined in the plant operation plan, 
the propriety of defective permission operation and the die length of the permission operating period 
are determined passively, and cannot be changed. Therefore, when a permission operating period is 
shorter than the period by the next routine inspection stage, repair and exchange must be performed 
between the routine inspection by which the defect was discovered, or a stop, and repair and 
exchange must be performed for a plant during operation to the next routine inspection. 
[0006] The purpose of this invention by performing a plant operation control which enables 
modification of the propriety of defective permission operation, or modification of the permission 
operating period The stages and those range of repair of the device by which the defect was detected, 
or exchange It changes into an advantageous stage or the advantageous range economically, and is in 
offering the storage which memorized the plant control device, the plant operation-control approach, 
and plant operation control program which make it possible to correspond by the efficient plant 
maintenance plan and construction. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem and to 
attain the purpose, the storage which memorized the plant control device, the plant operation-control 
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approach, and plant operation control program of this invention is constituted as the following. 
[0008] (1) A defective data input means to input the defective data which the plant control device of 
w this invention requires for the defect of the ingredient which constitutes plant equipment, A defective 
progress data storage means to memorize the defective progress data concerning the ingredient 
equivalent to a plant component, A plant service-condition storage means to memorize the service- 
condition sequence of the plant where a service condition is changed with the passage of time, An 
amount calculation means of defective progress to take out defective progress data and a service- 
condition sequence from said defective progress data storage means and said plant service-condition 
storage means, and to compute the amount of progress of the defect concerned, A simulation 
conditioning means to set up the service condition for carrying out simulation of the defective 
progress on different conditions from said service condition, The defective progress simulation 
means which carries out simulation of the defective progress according to the sequence in the service 
condition set up with this simulation conditioning means, A defective progress target condition input 
means to input the defective progress target conditions which consist of defective progress time 
amount and the amount of defective progress, a service-condition calculation means to compute the 
plant service condition which suits the conditions inputted with this defective progress target 
condition input means, and a control signal output means to output the service condition computed 
with this service-condition calculation means as a control signal — since — it is constituted. 
[0009] The defective progress target conditions which consist of defective progress time amount and 
the amount of defective progress using the defective progress data beforehand remembered to be 
defective entry-of-data information according to the plant control device of this invention can set up, 
and the plant operation control which becomes possible [ changing the stage of repair and exchange ] 
can realize by being computed an operation control parameter with which are satisfied of it. [ the 
device by which the defect was detected ] 

[0010] (2) The data of a parameter which influence the defective progress were received from the 
sensor which the plant control device of this invention is equipment given in the above (1), and can 
measure the parameter which influences defective progress of the part where the defect concerned 
exists in said simulation conditioning means, and it has the monitoring data input means which 
makes it possible to use for defective progress simulation. 

[001 1] According to the plant control device of this invention, the precision of progress simulation 
can be raised by using for defective progress count the monitoring data of a parameter which 
influence defective progress in plant operation. 

[0012] (3) The plant control device of this invention uses as said defective data the math-processing 
possible value which is equipment given in the above (1), and consists of the dimension, a direction, 
a number, etc. to the defect concerned discovered during check of a plant, or operation. 
[0013] According to the plant control device of this invention, since defective data are transmitted to 
the amount calculation means of defective progress as math-processing possible values, such as 
digital data, automation of computation and improvement in processing speed can be attained. 
[0014] (4) The plant control device of this invention is equipment given in the above (1), and inputs 
what modeled the configuration of the defect discovered during check of a plant, or operation in a 
different configuration from the discovered configuration as said defective data. 
[0015] According to the plant control device of this invention, it can carry out easily by applying the 
conventional fracture mechanics to the defect by which defective progress count was modeled. 
[0016] (5) The plant control device of this invention is equipment the above (3) or given in (4), and 
transpose it to a flat-surface defect by projecting the discovered defect on the principal plane of 
stress of the member in which the defect concerned is included, and it inputs what modeled the 
configuration in a half-elliptical or elliptical further as said defective data. 

[0017] According to the plant control device of this invention, the conventional fracture mechanics 
formula can be used in defective progress count. 

[0018] (6) The plant control device of this invention is equipment given in the above (1), and was 
replaced with said plant service-condition storage means, and is equipped with a plant load condition 
storage means to save temperature, stress, etc. which were defined by the design condition of the 
plant concerned as load condition data for computing the amount of defective progress. 
[0019] According to the plant control device of this invention, defective progress count of the load 
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condition base set up in the mechanical design of a plant is attained. 

[0020] (7) The process which inputs the defective data which the plant operation-control approach of 
this invention requires for the defect of the ingredient which constitutes plant equipment, The 
process which computes the amount of progress of the defect concerned according to the service- 
condition sequence of the plant where a service condition is changed with the passage of time using 
the defective progress data concerning the ingredient equivalent to a plant component, The process 
which sets up the service condition for carrying out simulation of the defective progress on different 
conditions from said service condition, The process which carries out simulation of the defective 
progress according to the sequence in the set-up service condition, It has the process which inputs 
the defective progress target conditions which consist of defective progress time amount and the 
amount of defective progress, the process which computes the plant service condition which suits the 
condition, and the process which outputs the computed service condition as a control signal. 
[0021] According to the plant operation-control approach of this invention, it becomes possible to 
change the stage of repair and exchange of the device by which the defect was detected by compute 
an operation control parameter with which are satisfied of the defective progress target conditions 
which consist of defective progress time amount and the amount of defective progress using the 
defective progress data beforehand remember to be defective entry-of-data information. 
[0022] (8) The storage which recorded the plant operation control program of this invention A 
defective data input means to input the defective data applied to the defect of the ingredient which 
constitutes plant equipment in a computer, A defective progress data storage means to memorize the 
defective progress data concerning the ingredient equivalent to a plant component, A plant service- 
condition storage means to memorize the service-condition sequence of the plant where a service 
condition is changed with the passage of time, Defective progress data and a service-condition 
sequence are taken out from said defective progress data storage means and said plant service- 
condition storage means. A simulation conditioning means to set up the service condition for 
carrying out simulation of the defective progress on different conditions from an amount calculation 
means of defective progress to compute the amount of progress of the defect concerned, and said 
service condition, The sequence in the service condition set up with this simulation conditioning 
means is followed. A defective progress target condition input means to input the defective progress 
target conditions which consist of the defective progress simulation means, the defective progress 
time amount, and the amount of defective progress which carry out simulation of the defective 
progress, A service-condition calculation means to compute the plant service condition which suits 
the conditions inputted with this defective progress target condition input means, The plant operation 
control program for making the service condition computed with this service-condition calculation 
means into a control signal output means to output as a control signal, and operating it is recorded, 
and computer reading is possible. 

[0023] According to the storage which recorded the plant operation control program of this 
invention , suppose that it be possible to change the stage of repair and exchange by be compute an 
operation control parameter with which be satisfied of the defective progress target conditions which 
consist of defective progress time amount and the amount of defective progress by computer using 
the defective progress data beforehand remember to be defective entry of data information . [ the 
device by which the defect be detected ] 
[0024] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. 

[0025] (Gestalt of the 1st operation) Drawin g 1 is the block block diagram of the plant control device 
concerning the gestalt of operation of the 1st of this invention, and drawing 2 is the operation 
explanatory view. 

[0026] The plant control device shown in drawing 1 inputs the defective data which consist of a 
defective dimension showing the magnitude of the defect discovered by the defective data input 
means 1 the front face or inside the ingredient etc. [ which constitutes plant equipment ] The 
defective progress data storage means 2 has memorized the defective progress data about the 
ingredient equivalent to the plant component beforehand acquired by materials testing etc. The plant 
service-condition storage means 3 has memorized the service-condition sequence of the plant where 
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service conditions, such as temperature and stress, are changed with the passage of time. 
[0027] The amount calculation means 4 of defective progress computes the amount of progress of 
the defect concerned based on the service-condition sequence acquired from the plant service- 
condition storage means 3 using the defective progress data obtained from the defective progress 
data storage means 2. The simulation conditioning means 5 sets up the service condition for carrying 
out simulation of the defective progress on different conditions from said service condition. The 
defective progress simulation means 6 carries out simulation of the defective progress using the 
defective progress data obtained from the defective progress data storage means 2 based on the set- 
up service-condition sequence. 

[0028] The defective progress target condition input means 7 inputs the defective progress target 
conditions which consist of defective progress time amount and the amount of defective progress. 
The service-condition calculation means 8 computes the plant service condition which suits the input 
condition. The control signal output means 9 outputs the computed service condition as a control 
signal. 

[0029] In a nuclear power plant and a thermal power station plant, defects, such as a crack, a crack, 
and a void, occur in connection with the operation passage of time of the plant on the interior or the 
front face of an ingredient which constitutes plant equipment by fatigue, stress corrosion cracking 
(SCC), creeps, or those superposition. 

[0030] As shown in drawing 2 , with the defective data input means 1, data, such as a configuration 
of the measured defect, magnitude, a direction, and the number of defects, are inputted as defective 
data about the defect discovered the front face or inside the ingredient. [ which constitutes plant 
equipment from processing 1 1 during routine inspection of a plant, or plant operation ] 
[0031] Here, when using as defective data the defective dimension measured by routine inspection, it 
can also input using the dimension measured at the time of the routine inspection by which the defect 
concerned was discovered for the first time with the input means 1 by using as defective data the 
dimension of the defect concerned re-measured in the inspection after the routine inspection. 
[0032] Moreover, defective data are good also considering the defective dimension for which it 
asked from what transposed to the flat-surface defect and modeled the configuration in a half- 
elliptical or elliptical fiirther as input data by projecting a three-dimensional defect or the defect of a 
complicated configuration on the principal plane of stress of the member in which the defect 
concerned is included. 

[0033] With the amount calculation means 4 of defective progress, stress intensity factor K value 
over the defect is calculated based on the plant service condition which consists of operation 
parameters beforehand saved for the plant service-condition storage means 3 by processing 14 to the 
defective dimension inputted with the defective data input means 1, such as temperature and stress. 
As for the formula of a stress intensity factor, the simple valuation plan is packed into the handbook 
etc. to various defective configurations. (Reference: Murakami, Stress Intensity Factors Handbook, 
Pergamon Press, 1987) What is necessary is just to build those formulas in the amount calculation 
means 4 of defective progress therefore. 

[0034] The stress value by which a load is carried out to a member including a defect is required for 
count of stress intensity factor K value, and the stress value is calculated from a plant service 
condition as shown in 13 beforehand saved for the plant service-condition storage means 3. 
[0035] Furthermore, the defective progress data which consist of a defective progress diagram as 
shown in 12 set up to the ingredient equivalent to the ingredient of a member including a defect are 
required for count of the amount of defective progress, and the defective progress data storage means 
2 is made to keep those defective progress data beforehand. The defective progress diagram should 
be arranged by the relation (deca/dn vs.deltaK) between defective progress rate da/dn per 1 cycle 
repetition load of fatigue, and stress intensity factor range deltaK which can be repeatedly found 
from the difference of the stress intensity factor corresponding to the maximum and the minimum 
value of a load, when aimed at the defect which progresses by fatigue. Moreover, when aimed at the 
defect which progresses by stress corrosion cracking (SCC), it should be arranged by relation 
(deca/dt vs.K) with the stress intensity factor K which can be found from defective progress rate 
da/dt and the SCC stress value per unit time amount. 

[0036] Growth prediction of the time defect according to the serial sequence of operation 
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parameters, such as temperature set up with the plant service-condition storage means 3 by the above 
to the defect which has the dimension inputted with the defective data input means 1 with the 
amount calculation means 4 of defective progress, and stress, can be performed. Consequently, a 
defect can predict a member including the stage, i.e., a life, to reach the magnitude which causes 
trouble to operation of a member including the defect concerned, a device, or a plant, or the defect 
concerned, and the stage to need repair and exchange of a device. In other words, the aforementioned 
life and repair, and an exchange stage are uniquely determined by the service condition set as the 
defective dimension and the plant service-condition storage means 3 which were inputted with the 
defective data input means 1 . 

[0037] With the defective progress simulation means 6, the serial sequence or a different operation 
parameter in different conditions from the service condition set up with the aforementioned plant 
service-condition storage means 3 can perform growth prediction of a defect. 
[0038] Here, if the ambient temperature in which the member in which a defect is included exists 
differs, a defective progress rate will change depending on temperature. (49 Reference :P. 
.L.Andresen, Effects of Temperature on Crack Growth Rate in Sensitized Type304 Stainless Steel 
and Alloy600, Corrosion, vol. No. 9, 1993, p.714) . 

[0039] a case so that similarly the defective inside may touch a plant cooling medium like the defect 
which exists in the device front face of a nuclear power plant ~ a defective progress rate — the rate of 
flow (reference: Katada, an ingredient, 41 volumes, 1992, p. 1648) of a cooling medium, or cooling 
intermediation — it changes depending on dissolved oxygen concentration (reference: Higuchi, iron 
and steel, lecture collected-works 86-S1529, p. 245) in the living body. 

[0040] The defective progress simulation performed with the defective progress simulation means 6 
is not limited to the parameter set up with the plant service-condition storage means 3, but can make 
a parameter various factors which influence the defective progress rate which contains the rate of 
flow of a cooling medium, dissolved oxygen concentration, etc. as mentioned above. This simulation 
condition is set up with the simulation conditioning means 5, as shown in 15, that data is read with 
the defective progress simulation means 6, and as shown in 16, defective progress simulation is 
performed. The simulation result can be saved as defective progress simulation data. 
[0041] With the defective progress target condition input means 7, the defective progress target 
conditions which consist of time amount until it reaches the amount of defective progress and it 
which are made into a target as shown in 17 are inputted. 

[0042] With the service-condition calculation means 8, as shown in 18, out of the defective progress 
simulation data by which simulation was carried out with the defective progress simulation means 6, 
the simulation data which satisfies the defective progress target conditions set up with the defective 
progress target condition input means 7 is searched, and the simulation conditions set up with the 
simulation conditioning means 5 used as the input data of the simulation result are extracted as a 
service condition. 

[0043] Here, in the service-condition calculation means 8, the operation cost at the time of operating 
a plant according to the simulation conditions with which the aforementioned defective progress 
target conditions were satisfied of the target condition following judgment processing of being 
satisfaction may be computed, an economical judgment may be made to the cost, and a final 
adoption judgment about the simulation conditions with which were satisfied of said defective 
progress target conditions may be made. 

[0044] In addition, when there are no data which satisfy the defective progress target conditions set 
up with the defective progress target condition input means 7 into the above-mentioned defective 
progress simulation data, the simulation conditions which can rerun and be satisfied with the 
processing 1 6 by the defective progress simulation means 6 of defective progress simulation with 
return and new simulation conditions can also be searched for. 

[0045] Here, as mentioned above, a different parameter from operation parameters beforehand saved 
for the plant service-condition storage means 3, such as temperature and stress, can also constitute 
the control parameter which constitutes the service condition computed with the service-condition 
calculation means 8. For example, in the case of the elevated-temperature device from which 
temperature changes transitionally like a nuclear power plant and a thermal power station plant 
throughout [ including the start up and a halt / operation term ], the stress which acts locally is based 
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on the thermal stress resulting from temperature fluctuation in many cases. 
[0046] (a) - (c) of drawing 3 is drawing showing the effect of the operation parameter in the 
calculation procedure of a service condition. As a parameter which controls the defective progress by 
thermal stress, the temperature range of fluctuation which consists of a difference of a plant 
maximum temperature, the maximum temperature in a temperature fluctuation cycle, and the 
minimum temperature, or temperature fluctuation velocity is mentioned. As are shown in (a) of 
drawing 3 , a maximum temperature is shown in (b) of drawing 3 , so that it is high and the 
temperature range of fluctuation is shown in (c) of drawing 3 , so that it is large, generally about 
temperature fluctuation velocity, a defective progress rate becomes early except for late remarkable 
conditions, so that it is early. A plant maximum temperature, the temperature range of fluctuation or 
the temperature fluctuation velocity, or they can be chosen as a combination control parameter using 
these properties. 

[0047] With the control signal output means 9, the simulation conditions extracted with the service- 
condition calculation means 8 are outputted as a control signal of a plant by processing 19. 
[0048] Drawing 4 is drawing showing an example of the effectiveness in the gestalt of operation of 
**** 1. As a result of predicting the defective progress to the next routine inspection according to the 
service condition which a defect is discovered by the periodic check and set up at the time, suppose 
that it was predicted that magnitude acri of the defect permitted to the part to which the defect 
concerned was discovered was reached before resulting in the next routine inspection. In this case, 
repair of the device by which the defect was discovered, and exchange are needed for throughout 
[ operation term / before reaching the next routine inspection during the period of the routine 
inspection by which that defect was discovered ]. Here, operation of a plant must be interrupted 
when performing repair of a device and exchange at the outside of the routine inspection period 
defined beforehand therefore. 

[0049] With the gestalt of operation of **** 1, the time amount which sets it as magnitude acri of the 
defect which shows the amount of target defective progress to drawing 4 , and which is permitted, 
and reaches it is set up in the defective progress target condition input means 7 with the time amount 
to the next routine inspection, or the time amount after the next routine inspection. And a new 
service condition which the magnitude of the defect which progresses to the next routine inspection 
with the service-condition calculation means 8 so that may satisfy said defective progress target 
conditions does not give to the permissible level which requires repair of a device and exchange is 
computed. 

[0050] Therefore, if a plant service condition is changed into the newly computed above-mentioned 
service condition, doubling the stage of repair of the device by which the defect was discovered, and 
exchange at the time of the next routine inspection, or extending [ at a stage until it reaches the 
magnitude of the permissible defect after it ] ** will become possible. 

[0051] Drawing 5 is a flow chart which shows the procedure of the operation control program in the 
gestalt of operation of **** 1. In the defective data input means 1, the digital value which consists of 
the configuration of a defect, a direction, magnitude (dimension), a number, etc. and in which math 
processing is possible is inputted as defective data at step SI about the defect discovered during 
routine inspection of a plant, or plant operation. 

[0052] Then, with the amount calculation means 4 of defective progress, based on the plant service- 
condition data which consist of operation parameters beforehand saved for the plant service- 
condition storage means 3 at step S2, using the defective dimension inputted with the defective data 
input means 1 as initial value, such as temperature and stress, stress intensity factor K value is 
calculated and the amount of defective progress is computed. 

[0053] Here, the stress value by which a load is carried out to a member including a defect is 
required for count of stress intensity factor K value, and the stress value is calculated from the plant 
service-condition data beforehand saved for the plant service-condition storage means 3. 
[0054] Moreover, with the amount calculation means 4 of defective progress, in order to calculate 
the amount of defective progress, the defective progress data which consist of a defective progress 
diagram beforehand kept for the defective progress data storage means 2 at step S3 are chosen, and 
the defective progress rate corresponding to a stress intensity factor is calculated by step S4 using 
them. The defective progress diagram should be arranged by the relation (deca/dn vs.deltaK) 
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between defective progress rate da/dn per 1 cycle of the repetition load by fatigue, and stress 
intensity factor range deltaK which can be repeatedly found from the difference of the stress 
intensity factor corresponding to the maximum and the minimum value of a load, when aimed at the 
defect which progresses by fatigue. Moreover, the defective progress diagram should be arranged by 
relation (deca/dt vs.K) with the stress intensity factor K which can be found from defective progress 
rate da/dt and the SCC stress value per unit time amount, when aimed at the defect which progresses 
by stress corrosion cracking (SCC). 

[0055] The amount of defective progress is step S5, according to the plant service-condition data 
saved for the plant service-condition storage means 3, finds a defective progress rate about deltaK or 
- K corresponding to them, and is calculated by calculating increment deltaa of a defective dimension 
to predetermined number-of-cycles increment deltan or time increment deltat. That is, a+delta a 
which added this increment to the defective dimension before progress is made into a new defective 
dimension, it asks for deltaK or K like said actuation from this a+delta a, and the computation which 
calculates increment deltaa is repeated. 

[0056] With the defective progress simulation means 6, the service condition set up with the 
aforementioned plant service-condition storage means 3 is a different operation parameter or 
different serial sequence, and growth prediction of a defect can be performed. 

[0057] The defective progress simulation performed with the defective progress simulation means 6 
is not limited to the operation parameter set up with the plant service-condition storage means 3, but, 
in the case of a nuclear power plant, can make a parameter various factors which influence the 
defective progress rate containing the rate of flow of a plant cooling medium, dissolved oxygen 
concentration, etc. This simulation condition is step S6, it sets up with the simulation conditioning 
means 5, and that data is read with the defective progress simulation means 6, it is step S7 and 
defective progress simulation count is performed. The simulation result is step S8, and is saved as 
defective progress simulation data. 

[0058] With the defective progress target condition input means 7, the defective progress target 
conditions which consist of time amount until it reaches target amount of defective progress and it in 
step S9 are inputted. In the decision of this desired value, satisfying that desired value carries out a 
target setup based on decision whether it is dominance from a viewpoint of the economical 
efficiency of plant operation. 

[0059] With the service-condition calculation means 8, the simulation data which satisfies the 
defective progress target conditions set up with the defective progress target condition input means 7 
at step S10 out of the defective progress simulation data by which simulation was carried out with 
the defective progress simulation means 6 is searched, and the simulation conditions set up with the 
simulation conditioning means 5 used as the input data of the simulation result are extracted as a 
service condition. 

[0060] What is necessary is here, just to search for the simulation conditions which can rerun and be 
satisfied with step SI 1 of the defective progress simulation by the defective progress simulation 
means 6 at step S6 with return and new simulation conditions when there are no data with which are 
satisfied of the defective progress target conditions set up with the defective progress target 
condition input means 7 into the above-mentioned defective progress simulation data. 
[0061] When there are data which are satisfied with step SI 1 of the set-up defective progress target 
conditions, by the control signal output means 9, it is step SI 2, and control signal data are calculated 
from the simulation conditions extracted with the service-condition calculation means 8, and it is 
step S13 and is outputted as a control signal of a plant. 

[0062] In addition, as a storage which memorized the above-mentioned operation control program, a 
magnetic disk, a floppy (trademark) disk, a hard disk, optical disks (CD-ROM, CD-R, DVD, etc.), 
magneto-optic disks (MO etc.), semiconductor memory, etc. can memorize a program, and as long as 
it is the storage which a computer can read, the storage format may be which gestalt. 
[0063] Moreover, MW(s) (middleware), such as OS (operating system) which is working on a 
computer based on directions of the program installed in the computer from the storage, and database 
management software, network software, etc. may perform a part of each processing for realizing the 
gestalt of this operation. 

[0064] Furthermore, the storage which the storage in the gestalt of this operation downloaded the 
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program transmitted by not only the medium that became independent of a computer but LAN, the 
Internet, etc., and was memorized or stored temporarily is also contained. 

[0065] Moreover, the storage may be effective not only one but when processing in the gestalt of this 
operation is performed from two or more media, and a medium configuration may be which 
configuration. 

[0066] Moreover, it may replace with the plant service-condition storage means 3, and you may 
constitute so that it may have a plant load condition storage means to save temperature, stress, etc. 
which were defined by the design condition of the plant concerned as load condition data for 
computing the amount of defective progress. 

[0067] (Gestalt of the 2nd operation) Drawing 6 is the block block diagram of the plant control 
device concerning the gestalt of operation of the 2nd of this invention. In drawing 6 , the same sign 
is given to the same part as drawing 1 . 

[0068] Although the control signal of a plant is outputted with a control signal output means 9, in the 
plant control device shown in drawing 6 , the safety operation exchange means 1 0 which emits the 
signal which suspends operation of a plant the stage when reaching the defective progress target 
conditions set up with the defective progress target condition input means 7 in addition to this 
control signal is predicted, or before that stage has established like the gestalt of the 1st operation. 
[0069] According to the gestalt of operation of **** 2, by establishing the safety operation exchange 
means 10, operation of a plant can be made to be able to stop automatically and the safety of a plant 
can be raised more. 

[0070] (Gestalt of the 3rd operation) Drawing 7 is the block block diagram of the plant control 
device concerning the gestalt of operation of the 3rd of this invention. In drawing 7 , the same sign is 
given to the same part as drawing 1 and drawing 6 . 

[0071] When a defect is discovered during the time of plant routine inspection, or operation, the 
precision of progress simulation is raised in the plant control device shown in drawing 7 by forming 
the sensor which can measure the parameter which influences defective progress of the temperature 
of the part where the defect concerned exists, stress, etc., and using the monitoring data of these 
parameters for defective progress count during plant operation. 

[0072] Generally, by large-sized devices, such as a nuclear power plant, a service condition does not 
correspond to the mean temperature of the plant principal part, and is not necessarily in agreement 
with the temperature in a local part. Moreover, on the transient conditions on which temperature etc. 
is changed rapidly, the time lag of temperature fluctuation arises by the location. Therefore, if the 
value of parameters, such as stress which governs the amount of progress, and temperature, can be 
known by monitoring in near where the defect exists when predicting the amount of progress of the 
defect which exists locally with a sufficient precision, the predictability of crack progress will go up. 
[0073] However, it is necessary to predict previous parameter fluctuation in time than the stage when 
monitoring of said parameter is carried out. 

[0074] Drawing 8 is drawing showing the defective progress simulation at the time of using the 
monitoring data in the gestalt of operation of **** 3. As shown in drawing 8 , when monitoring data 
are obtained to time amount tl, by performing progress count using it, the section to time amount tl 
can perform accurate progress count, and the magnitude al of the defect in time amount tl is 
calculated. On the other hand, since the section to t2 does not have monitoring data after time 
amount tl, progress simulation which made magnitude al of a defect initial value will be performed. 
Therefore, if it can re-calculate using the newest data by which monitoring was carried out at any 
time, since t2 is approached according to it, the time amount tl shown in drawing 6 will go up final 
progress predictability. 

[0075] As a configuration of the equipment of the gestalt of the example of**** 3, as shown in 
drawing 7 , the monitoring data input means 1 1 for sending the monitoring data of the parameter 
which participates in the defective progress measured during the above-mentioned plant operation by 
means 5 to set up the service condition for carrying out simulation of the defective progress is 
established. Thus, by using monitoring data, it becomes possible to raise the precision of the 
defective progress simulation by the defective progress simulation means 6. 

[0076] (Gestalt of the 4th operation) Drawing 9 is drawing showing the calculation procedure of the 
service condition in the plant control device concerning the gestalt of operation of the 4th of this 
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invention. In drawing 9 , the same sign is given to the same part as drawing 1 , drawing 5 , and 
drawing 6 . 

[0077] Although the plant service condition which suits the conditions inputted like the gestalt of the 
1 st operation by defective progress target setting means 7 to input defective progress target 
conditions is computed with the service-condition calculation means 8 in the gestalt of operation of 
**** 4, the plant operation cost calculation section 81 is formed in this calculation means 8. In this 
plant operation cost calculation section 81, synthetic operation costs, such as operation cost also 
including the costs concerning them in the case of fixing and exchanging the operation cost which 
changes with modification of a service condition, or the device by which the defect was detected, are 
judged economically, and a plant service condition is determined. 

[0078] According to the gestalt of operation of**** 4, the total cost for plant operation maintenance 
can be judged, and an advantageous plant service condition can be determined economically. 
[0079] Moreover, this invention has the following configurations. 

[0080] [1] The plant control device characterized by having the safety operation exchange means 
which emits the signal which replaces with a control signal output means, or suspends operation of a 
plant in addition to a control signal output means. 

[0081] Thus, in the constituted equipment, the stage when reaching the defective progress target 
conditions set up with the defective progress target condition input means is predicted, or before the 
stage, operation of a plant can be made to be able to stop automatically and a safety operation can be 
supported. 

[0082] [2] The plant control device characterized by calculating operation cost required for plant 
operation in a service-condition calculation means. 

[0083] Thus, in the constituted equipment, the economical and optimal plant service condition can be 
determined by using for the selection judging of a service condition the plant operation cost which 
changes with differences in a plant service condition. 

[0084] [3] The plant control device characterized by calculating plant operation maintenance cost 
also including the costs concerning repair of the device by which the defect was detected, and 
exchange, and determining the optimal plant service condition by the economic judgment. 
[0085] Thus, in the constituted equipment, the optimal plant service condition based on an 
economical efficiency judging can be determined to the synthetic cost for plant operation 
maintenance of the costs concerning repair of a device and exchange etc. 

[0086] [4] The plant control device characterized by using a plant maximum temperature as the 
control parameter which constitutes said service condition in the plant service condition which suits 
the defective progress target conditions which consist of defective progress time amount and the 
amount of defective progress. 

[0087] Thus, a plant maximum temperature can be used as an operation control parameter in the 
constituted equipment. 

[0088] [5] The plant control device characterized by replacing with the above-mentioned plant 
maximum temperature, and using the difference of the maximum temperature in the fluctuation cycle 
of plant temperature, and the minimum temperature as a control parameter. 
[0089] Thus, in the constituted equipment, the difference of the maximum temperature in the 
fluctuation cycle of plant temperature and the minimum temperature can be used as an operation 
control parameter. 

[0090] [6] The plant control device characterized by replacing with the above-mentioned plant 
maximum temperature, and using the change rate of plant temperature as a control parameter. 
[0091] Thus, the change rate of plant temperature can be used as an operation control parameter in 
the constituted equipment. 

[0092] [7] The plant control device characterized by controlling a plant operating temperature 
indirectly by replacing with the above-mentioned plant maximum temperature, and controlling a 
flow rate or the rate of flow of a plant cooling medium etc. 

[0093] Thus, in the constituted equipment, a flow rate or the rate of flow of a plant cooling medium 
etc. can be used as an operation control parameter. 

[0094] [8] The plant control device characterized by changing the progress rate of the defect 
concerned by controlling the chemical entity of said cooling medium about the plant service 
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condition which suits defective progress target conditions to the case where the inside of the defect 
which exists in a member front face touches a plant cooling medium. 

[0095] Thus, the chemical entity of a cooling medium can be used as an operation control parameter 
in the constituted equipment. 

[0096] [9] The defect generated the front face or inside an ingredient is a plant control device 
characterized by being aimed at the defect which progresses by fatigue. [ which constitutes plant 
equipment ] 

[0097] Thus, in the constituted equipment, the defective progress by fatigue is controllable. 
[0098] [10] The defect generated the front face or inside an ingredient is a plant control device 
characterized by being aimed at the defect which progresses by stress corrosion cracking (SCC). 
[ which constitutes plant equipment ] 

[0099] Thus, in the constituted equipment, the defective progress by stress corrosion cracking is 
controllable. 

[0100] [11] The defect generated the front face or inside an ingredient is a plant control device 
characterized by being aimed at the defect which progresses by the creep. [ which constitutes plant 
equipment ] 

[0101] Thus, in the constituted equipment, the defective progress by the creep is controllable. 
[0102] In addition, this invention is not limited only to the gestalt of each above-mentioned 
implementation, but in the range which does not change a summary, deforms suitably and can be 
carried out. 
[0103] 

[Effect of the Invention] According to this invention, the stage and range of the maintenance by the 
propriety of defective permission operation of the device by which the defect was detected, such as 
modification or repair of these devices, and exchange, can be changed. 

[0104] In repair / exchange activity of a plant, although a device peculiar to a huge worker and a 
huge activity and a facility are needed, when the stage of repair / exchange construction overlaps in 
two or more plants, a number of activity devices which overlapped according to it, and a facility are 
needed. Furthermore, also when efficient arrangement of a worker with skill required for it to be the 
construction as which a high expert is required becomes difficult, it happens. Then, if modification 
of the arbitration of a defective permission operating period is attained, it will decide upon a rational 
maintenance work plan, and will become realizable [ efficient construction management ]. 
[0105] Moreover, repair or exchange will spend the extended period, if extension of defective 
permission operation is attained [ as opposed to / technically / a difficult device ], and time 
allowances to develop new repair and an exchange method of construction arise. 
[0106] Furthermore, to the high many years past-ized plant approaching the service life last stage, by 
comparing the costs which repair and exchange take with the economic loss by the degradation at the 
time of choosing operation which can stop repair and exchange till commercial operation termination 
to the minimum even if it falls the output of a plant, the alternative of the plant maintenance which 
has a merit economically as total cost can be chosen, and rational plant operation is attained. 
[0107] Thus, by performing a plant operation control which enables modification of the propriety of 
defective permission operation, or modification of the permission operating period according to this 
invention The stages and those range of repair of the device by which the defect was detected, or 
exchange It changes into an advantageous stage or the advantageous range economically, and the 
storage which memorized the plant control device, the plant operation-control approach, and plant 
operation control program which make it possible to correspond by the efficient plant maintenance 
plan and construction can be offered. 



[Translation done.] 
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